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PREFACE

The investigation reported herein was conducted by personnel of the

instrumLentation Services; Division (IS3), U. S. Army Engineer Waterways

Experiment Station (WES), during the period February to March 1981.

T!he program was under the direct supervision of 1.41 Francis P. Hanes,

Chief, 1SD. Mr. F. P. Leake conducted the experimentai portion of the study.

Messrs. hanes, Leake, and G. P. Bonner, Chief, Special Services Branch, ISD,

prepared the report.

LTC David C. Girardot, Jr., CE, was Acting Commander of WES during

the course of this study. Mr. F. R. Brown was Acting Director.
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ELECTRICAL NOISE PROBLEMS ASSOCIATED WITH CABI,F AND GAGE

, AIUi im OUR] NC EXPLO',IVE TEST ING

P'APT I : BACKGROUND

I. Elements of the Waterways Experiment Station (WEB) have been

invo ved in explosive testingt for more than 25 years. During this time,

an increase in interest has evolved in measurements approaching the ground-

zero region. The requirement to locate instrumentation close to the explosLon

results in the destruction of some gages and cables, and the process swcir:.cs

produccS extr'emeiy high noiisc levels on surviving: daita channels.

2. Whiie some measurements on explosive tests have been made b1

other means, many WES measurements have employed a resistive or piezo-resistive

strain gage bridge as a transductive element. All measurements referred to

in this report are of this type.

3. The recently completed Silo Test Program (STi) produced noise

problems on certain channels that were more severe than had been experiencea

previously by WES instrumentation engineers. During, the d ta reduction phase

of STPII, it became apparent that remedial. action was indicated if future

tests like the STPIl event were to produce noise-free data. At this time,

WES engineers began evaluating earlier field data with respect t., the noise

problem. Data from the events listed below were reexamined in. 1'; s•dy.

a. l9G4-l97+4 (various experiments): Cross talk was ncted
between carrier and DC excited data channels. This cross
talk was reduced to accepoable levels by separation of DC
and carrier cables and signal conditioners.

b. 1974 (ESSEX): Cross talk was noted between another
experimenter's equipment and WES Bytrex HFG* pressure gagese.

C. 1976 (DICE THROW): Cross talk was noted on Bytrex HFG Jacres
due to cable/gage destruction.

d. 1976 (Post. DICE THROW): Tests prove that 20-pair TSP cable
is superior to telephone type 50-pair cable with respect
to noise generated by gage/cable destruction. Excitation
short to shield proved to be worst case fault.

*IFy gages were either used to afford compatibility with another experi-

menter's data or recorded for another agency.
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Q. 1900 (MI (i'JTY AiACH) : A short developed oi a iBytrex 11,C
j;atc • rd o ir] rioi.i e and t tal I 'similar 1. t -atl.
z•.55ici ated wjth ESSEX data. Thisi sh:io1rt Wa:; retweenn

exci tat iol a:1r shiild.

19. 0 (SF1i'i] PIXnornstration Shot): Cro:ss talk wa.; rotcd -
between zturv

1 viilr; alnU dctist.royed cirt•rril]

t. 1960 (s'vu. Cal Shots): Cress tazk was noted due to
short between excitation and shield; some ;at,,cs were
affercted more t hair ethers.-

11. 19130 (SqTI I Ma~in Event)] MerIe i. i se andL cross3 ta du.Oe
to destroyed gages was recorded .ir certain aecelerationl
channels than on any prior WdS test. I

Ii. As a result of tins reexamination, certain parauneters were

selected as probable contributors to the noise problem. 'These were (a)

gatge resistance and symmetry and their effects en signal conditioner

coiiinon mode rejection ratio (C.MBR*), (b) cabl-e typ , (c) gt•ae excitation

source, and (d) signai conditicoer power source. .As the experiment pron-rersed

some attention was g-ivei. to excitation voltage e vol , cable length, "cornu:oin/

ground" location, anrnpli Pier type, fault type, and cable terriiiiation.

5, Subsequent ;Ti OvOiiLs are n I nanneo with more ;e%vere environments KJ

than those fielded previously arid, without improvement, data quality U

from these events could be compromised by noise.

*Conrnron mode rejection ratio is defined as tire ratio o0' differ,-c ial tain

to common mode gain:

CMRRX =A

cm

Or in decibels: CKR (db) = 20 log C•,-R

For more details see "Operational Anipli fiers D)esitg and Applications'.",
Tobey. Graeme, Iiuelsman; McGraw-Hill.
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was cul led thle i-eeie iVt1 both t.runismi ~tter' and iec 1_C~VI ver ee uic

to the 1,100 -'t czall e leng~ths. The reccevctr iinp'ut was !ted by n .- r
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*FIursonial Coininunication, Earl Cunninghjam, IEctron Corporation, 8159 Enigineer

Road, Sal)ieo Cal ifornia (Telephone 'Wji /:2(8-0600).
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*C. C. Perry and If. Ii. Li ssner . 1962. "Thle Strain GageO Pr imer."I

lid Edi tion , MoGrav H illI
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Y- C. C. Perry and Hi. h. Li 5511cr. 1 6"). 'The Strain Gagje Primer."P
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}AI'A V: DISCUoSIONi AJD CONCLUSIONS

it. At. first (-Iance, the reader may deduce from the data in

Fig;urc 6 that by synmietrizing a gage one may achieve virtually noise-

tree data (compare data line 3 with lines 4 and 5). rrue, this produces

great improvement in CMNR compared to nonsymmetrica: gagew, ,ut WES was

already operating in the 2-5 mV noise range g]oing into STP. Again,

the 00Q/i"'O9j gage configuration is indicative of WES experience with

the Bytrex SIFG gage and is presented here as a worst case condition.

The highest noise levels recorded on STP were produced by structural

acceleration channels using- Endevco Model 2264-C accelerometers. A

ranaom sample taken from WES stock during this investigation showed

variations in 2264-C bridge lead resistances from 0.6 percent to 22

Percent where the Bytrex sample showed variations on the order of' 275

percent.

17. A comparison of data lines 3 with 13, i with 17, and 5 with

16 indicates that no advantage is gained by choosing h-conductor shielded

cable cver '; nS!- '.'"is conclusion shnuld be reserved until a comparison

is made between data lines 8 and 19, 9 and 16, and 11 and 21. Together

these comparisons indicate that the advantage of one individual cable per

channel is realized only when power ard excitation sources are separated.

16. The Ectron 776B signal cooiditioner is an example of extreme

circuit isolation. After the results of tests with the Ectron on 20 TSP

and h-conductor cables were evaluatea, further efforts toward noise reduction

with WES signa, conditioners were concentrated on isolation of the powe-

and excitation sources, assuming that indi.vidual h-conductor cable is

used. Further pursuit of higher CIVIIP for the WES 103A was foregone on

the premise that the advantages held by the Ectron over the WES were

probably attributable to circuit isolation rather than CKIRR. Apparently -

the Ectron C0HRR was not the complete solution to the noise problem

associated with transducer and cable effects.

9
I1
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19. Some tests were run that produced data not shown on Figure 6.

The conclusions drawn from these data included:

a. There is a nonlinear relationshiv. between cable length
and noise level received (x 15 length increase causes
approximately x 2 noise level increase).

b. For excitation-shield faults, the noise frequency is
inversely proportional to cable length (x 3 length
increase = x 3 frequency decrease).

c. Excitation-shield fault produces higher frequency
noise on a given cable length than excitation-excitation
fault (for 1500-ft TSP cable: exc/sh fault - 50 kHz;
exc/exc fault - 15 kHz).

d. Signal to noise ratio is reduced by termination
resistance on receiver cable but is unaffected by
termination resistance on transmitter cable.

20. The results of this investigation are presented as indicators

of certain paths that are available to the experimenter in his efforts

to reduce noise in measurement systems.

10



PART VI : RECO10ENDATIONS

21. Further noise testing at WES will include: (a) the comparison

of constant current, separate and common excitation signal conditioners

run on individual h-conductor cables wider controlled failure conditions

in the field, (b the development ana testing of close-in signal conditioning,

probably located at the junction box, (c) increasing the frequency response

of the WES 103A signal conditioners, and (d) methods of protection from the

effects of atmospheric and other noise sources external to the system.

Until the results of these tests are in, it is recommended that:

a. Data channels with a high probability of destruction

be excited with as low voltage/current level as
practical and grouped and isolated from probable surviving
channels with respect to cable bundles, junction boxes,

signal conditioning racks, and recorders.

b. The survivor channels be excited at the highest possible
voltage level so that gains may be minimized. All

transducers should be selected so that their upper
input limits are approached but not exceeded. Their
breidge sy..etry should be the best available.

C. Recording van, junction box, and transducer grounding

schemes be evaluated in place and adjusted to produce
the most noise-free configuration available.

d. At least one representative of each type transducer
be isolated from all mechanical inputs, calibrated
and recorded during the test. This will provide a
means for the identification and subtraction of

coincident noise from the data.

e. Total experimenter participation in full power-full
frequency (FPFF) dry runs be imperative. No event should

be fired until all data recorded on FPFF are acceptable.

I



O U T 

O u T C •

SOUTOUT

400f•15(•" 
4001400O?

40012? 1500&2? 
150011• " 1500111

400/1500 4 90
400 / 1500

Figure 1. Bytrex UFG siimulatiolt



0 '7~

_ >

> -.>0

o:

oc >1>

0 -0

> 4,Lj0 00
+ >

NI x

4~ ).

o-t

0 c0

L Z..



TRANSMITTER I -
AMP C EXC

1 KHz .. JL POWER

SQUARE ______

WAVE \ _
@ 5Vp p ____ ___•- __

RECEIVER _ \

% MP C EXCt POWER

RESISTOR \ C

BRIDGE ___

Figure 3. Test layout for common power and excitation

TRANSMITnER 
AMI X-- AMP C EXC

1 KHz POWER c
SQUARE
WAVE /
@BVp-p y

RECEIVER

1% I AXC

RESISTOR k.\ . C

BRIDGE

Figure 4. Test layout for separate power and excitation



TRANSMITTER AMP E)(

I I POWER c

SQUARE
WAVE 

M1

@5VP-P

RECEIVER 
fL32

RESISTOR
smIO6E [LM3-

*Lm31 3-TERMINAL ADJUSTABLE REGULATOR -NATIONAL SEMICONDUCTOR

Figre . lest layout for coimmon power and cottstaflt current excitation

Figure 5



p. .4

LI\Cl r Lf\ U L\W\

C' C- C

0

Id3 'tI '0' U t 0 10 0U 'U 'o3 0 VU 'd 10 'U'U'U 0 'Ul 'U
ti 0

0.1

a) (D 41 - a ) )+
Q- 4-) -P -

>4c : : Q3 3 C aC3 L13 Q
0 0 000000 b t-P4-'0 0 - 4 0 0 4-) .00 Wn

0 0 0 0 00 0 Qw U0 0 00a w 0.0 ) 0 00
C)~~'. u 10( )uuuC- )U )uQu-

4-'

0 0 (
4- -434) 4.) 0$ ) Ui

u- w w c:: z z W 03 '. d C S 3.: p 0

0 0 0 000 0w 000 0 O O)0 0 00. a 00

0.

0 00 00 000 0

03 03WCV) m ) U) (1) WWWWW U 1) a) a) a)) a) ' ( c ( V) U)

C)000Q0'DC)0DC)0 0000 (D ) 0)) W ) 1)0)0)a) Q) 00

0

4-- 0 0
03 0 0

t + +

C* 0 0 0 0 0 Dl0 0 000 Q 00C)0 0 0030 C)000

L(l\ L(\ U'% U\ Ur\ 0 -4 L If Lr\ t t r\ U-\ If\ TUN £r\ TN' Uf'\ VN N U,\ Ur\ Lr\
L) ( ()r- ~j rI n -4)ý rr- 4 r - -i .1 ,AýA1-

0) 0 00C)00D00 0 Q(DC00 0 0 C) C0 0 C)00<

71 (Y -- 1)-T -(n'1Z n : -:r- -7T\ 12--CO 0'0--CiC 1 U '.r-1--0ON0 -

.111 C\J M -: Lf\ \, t- M G C)r-iN Lr \i t---o )-,o -I 
'1



I

In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Hanes, F. P.
Electrical noise problems associated with cable and

gage failure during explosive testing : final report /
by F.P. Hanes, F.P. Leake, C.1'. Bonner (lnstrumentation

Services Division, U.S. Army Engineer Waterwuys
Experiment Station). -- Vicksburg, Miss. : 'ih,- Station
Springfield, Va. available from NTIS, f1981].

11, [51 p. ill. 27 cm. -- (O4scellaneous paper /
U.S. Army Engineer Waterways Experiment Station ; 0-81-1)

Cover title.

"June 1981."
"Prepared for Defense Nuelear Agency."

1. Blast effect. 2. Cables. 3. Explosives.
L. Gages. 5. Measuring instruments. 6 Noise.
I. leake, F.P. IT. Bonnet, G.P. ITT. United States.
Dcfense Nuclear Agency. IV. U.S. Army Fnigiieer Waterways
Experiment Station. Instrumentation Services Divis.;ion.
IV. Title Al. Series: Miscellaneous paper (U.S. Army
Engineer Waterways Experiment Station) 0 -81-1.

TA.W34 no..0--81-1



-DAT

I:ý[I

I.C..


